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Ken-ichi MAEDA Fumitaka MACHIDA Kouichitou TOMIZAWA
br.-Eng. Research Engineer Research Engineer

Kawada Industries, Inc. Kawada Industries, Inc. Sohgoh Maintenance Co., Ltd
Tokyo, Japan Tokyo, Japan Tokyo, Japan

Teruyoshi IKEBE Shouji MIYAZ AKI

Chief Engineer Vice-President

Sohgoh Maintenance Co., Ltd Kawada Industries, Inc.

Tokyo, Japan Tokyo, Japan

SUMMARY

In recent years, various failures of expansion joints of highway bridges occurred very often causing inconven-
ience to traffic and further deterioration to girders and bearings. In order to improve the durability of joints, the
authors re-examinedthe datato be used inthe design of joints, that is, the vehicles weight exceeding the standard
weight, its distribution between axles, impact coefficient to be applied and contact pressure intensity between
tires and road surface. The authors have also carried out field measurements of stresses in the joints induced
by traffic loads, and discussed the results to be obtained.

RESUME

Récemment, de multiples ruptures de joints de dilatation de ponts routiers occasionnérent de fréquentes
perturbations du trafic et des déteriorations ultérieures aux poutrelles et aux coussinets antifriction. Afin de tester
la durabilité des joints, les auteurs ont examiné & nouveau les données utilisées dans la conception de joints,
a savoir la prise en compte du poids d'un véhicule lorsque celui-¢i excéde le poids standard, la distributicn du
poids entre les essieux, les coefficients d'impact & utiliser et {intensité de la pression de contact entre les
bandages des roues et la surface de contact. Les auteurs ont ainsi réalisé des champs de mesure des forces
dans les joints sous charge de trafic et ont discuté les résultats obtenus.

ZUSAMMENFASSUNG

In den letzten Jahren verursachten Schaden an Bewegungsfugen von Autobahnbriicken Verkehrsbehin-
derungen und Folgeschéden an Briickenlagern und -trgern. Zur Verbesserung der Dauerhaftigkeit der
Fahrbahniibergange wurden die Bemessungsannahmen untersucht {(Schwertransporte, Achslastverteilung,
Stossfaktoren und Reifenpressungen). Es wurden auch Feldmessungen der in den Fugenkonstruktionen
auftretenden Spannungen durchgefihrt und mit den Berechnungsresultaten verglichen.



A

420 DURABILITY OF BRIDGE EXPANSION JOINTS

1. INTRODUCTION

A bridge expansion joint is subjected to the direct loading of moving vehicles
and, in recent years, has caused many cases of damage as a result from increasing
traffic volume as well as vehicle size, thus presenting itself as one of the ma-
jor problems for maintenance of highway structures.

The facts are not sufficiently reflected in the design of expansion joints, and
the design method involves many ambiguous points concerning the acting load int-
ensity and the load applying mechanism. Furthermore, in the design, effects of
fatigue should be given the due consideration.

In this situation, in order to improve the durability of expansion joints, the
establishment of the design method seems to be indispensable. From this point of
view, the authors investigated weights of actual running vehicles, impact coeffi-
cient and contact pressure intensity on the joint surface, and performed loading
tests including the measurement by a stress histogram analyzer under the actual
traffic, to confirm the stresses generated in expansion joints.

This paper presents results of these investigations and tests., From the results,
various data which will promote the improvement of durability of expansion joints
in the future have been obtained.

/ L B
2. WHEEL WEICHT Lﬂ?’—‘:ﬁ

T

The Specification for Highway Bridges {1],
Japan Road Association, adopts T-20 loading Oawo—,
as the vehicle load (Fig.l). Based on this U___l,&
loading, the Manual on Bridge Expansion Joint J |
Systems [2] specifies the wheel weight acting 200

Fig.l T-20 Loading [1]

on an expansion joint as 78.4kN (8tf).

Results of investigation of the
vehicle load [3], carried ocut on
urban expressways in Japan, are

Table 1, Mixed ratio of car type [3]

shown in Table 1 and Table 2. car type axle torm mixed ratio

From the results, the maximum notloaded | 1.22

tandem axle weight was 436.4kN 2a4es W{\ Loaded 1.02

of a trailer. Maximum value of g(?g ax over baded (3)0%

tandem axle weight is surmised large sizxd O 00 |not loaded ./

as 490kN (50tf) for calculation truck |3-axieg loaded 6.04

in regard to safety. MQ@'W 0.05
trilan OO0 notloaded | 1.02

If the weight ratio between tandem e o OO0 ioaded 1.18

axle is 1:1.7, the maximum wheel T LK o—0 17.88

weight, composed of 1 to 4 tires, passenger car | O—O 67.86

is calculated as

154.3kN. Therefore, Table 2. Average and maximum weight of axle

it is desirable axle of over loaded vehicle [3]

that the largest lAvenageweght |Max. weight MEX WEigHt ]

load of 156.8kN ( Axie torm ot axle (kN) ot axe rel%orded ot axie over six

16tf) is to be app- in 24hrs (KN) years (kN)

lied, as the static

dhesl weight for 2axles O—@ 1314 176.5 1932

the verification of | 3 axies O—@@® 2%6 3060 3893

ultimate state. trailer O-00-—@® | 1905 3383 4364
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Moreover, from Table 1, it seems that the adequate load should be decided, as
the wheel weight for the verification of fatigue limit state, based on the fur-
ther investigation of over loading.

3. IMPACT

The impact acting on an expansion joint can be estimated to be larger than those
acting on other parts of bridge, because of direct loading application. In the
design of expansion joints, the value of 1.0 is customarily used as the impact
coefficient.

In order to confirm the validity of this value, the authors studied the effects
of road surface condition and running speed on impact and the effects of over
loading rate on impact. The results are shown in Fig.2 and Fig.3. The impact is
larger on a poorer road condition and at a higher running speed, but if the run-
ning speed exceeds 50km/h, the impact tends to become smaller. According to the
results of tests at real bridges (Table 3), the values of impact coefficient near
expansion joints range between 0.5 to 0.8.

From the above, the largest impact coefficient is evaluated to be about 0.8, but
considering abnormally over loaded running vehicle and the occurrence of level
difference near expansion joint, it is desirable to set the possible maximum co-
efficient of impact at 1.0.

coettici Impactcoetticient
h?agt cient 15 driving wheel
o
°°“‘?!§!EH g il : o—ee
= CONCrete 4 O—8C
+ asphat o YO
1 //’ » gravel 10 b V=40 kivh
//// » Unpavement 4
®
o5t = E:;::::' 05
,/’;/l‘ g
="
5 0 D D 0 D 0 %0 50 20 20 X0 3
Velocity (km/h) Rate of overioad
Fig.2 Impact coefficient due to Fig.3 Impact coefficient due to
condition of road surface rate of over load
and velocity {(unpaved road)

Table 3, Tmpact coefficient measured at real bridge

5 Static MAXMUM |\ r:mie | MEX. WOrKing | Impact
do't%e Mduoaa(m) Jointlevel| VNS 100 (k) | coetticient
id  THear Hdifference Mid [Rear [Mid [Rear
axle ! axle! (mm) (k) "axle |"axle axle | axle
10 875 8101019 | 0.14

F'{ge" y 20 111.0/1009 | 051 | 042
ype 40 /121.3 1038 | 065 | 046
Joint 75, |29 60 1132.3{1123 | 080 | 058
Finger | o0 |7 10 1860 810[017 014

> 20 1007 931|037 | 0.3

type 40 {1029| 903|040 | 027
Joint 60 1191 /1123|062 | 058

%Level difterence is between two parts of joint
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4, CONTACT PRESSURE INTENSITY BETWEEN TIRES AND ROAD SURFACE

A tire of vehicle contacts the road sur-

face as a plane, and the vehicle load is Contact pressure(MFe)

transmitted to the road surface or exp- 20

ansion joint as the contact pressure of - -

a tire. It is considered that the con- 16 " Limit load
tact pressure is affected by the tire 14/ —~——-F?dﬂl

load, air pressure in tire, roughness Bias :

of road surface and running speed of 12

vehicle. The authors took notice of the 1! .
influence by the tire load among these ogt = =T

factors. o6

Generally, if the tire load increases, 0

the width of contact area changes only 0-2|

very slightly, but the length of contact Ol i —L-
area changes greatly. The relation bet- 0 2 40 60 80 m 120)140 e
ween the contact pressure and the acting Acting load on a tire (kN

load of a tire, derived by the authors,
is shown in Fig.4. The contact pressure
gradually levels off at the tire load
exceeding 78.4kN (8tf), and turns out
the maximum pressure 1.1MPa at the tire load 120kN. Because if the tire load ex-
ceeds 120kN, the tire blows out.

Fig.4 Acting load and contact
pressure relation

From the above, the possible maximum intensity of contact pressure is to be 1.1
MPa at the tire load 120kN (including the impact force).

5. LOADING TESTS

5.1 Expansion Joint used for Tests

To confirm the loads acting on the expansion joint and the stresses generated in
joints by practical vehicles, the authors carried out field tests using an exp-
ansion joint installed on a new bridge. The expansion joint used for the tests
has a form as shown in :
Fig.5. This is made of Alumini 2
casted aluminium alloy - dmg 'AjSi' r1FL657kN
with a tensile strength = g; T ; N
of 270Mpa and equiva~ A : : R
lent to NF Standard A = ; ST
-57G06 [4], and design- T 1
Lo}
LB R

ed with the safety fac-
fication of Japan Light m/ o B8

tor based on the Speci-

Metals Association [5], Cross section
to decide the allowable
stress of the material
(Table 4).

In the design method of
this joints, a wheel ARGEL
weight is replaced by 998 loading due to

the contact pressure of Plan. contact pressure
a tire which is assumed (mm)
to act on the expansion Fig.5 Used joint Fig.6 Loading method

joint (Fig.6). in loading tests in design
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The wheel weight 78.4kN (8tf),
wheel 200x500mm are set at the
way Bridges [1l] and the Manual
design contact pressure is the

impact coefficient 1.0 and the contact area of
values conforming to the Specification for High-
of Bridge Expansion Systems [2]. As a result, the
value of 1.6MPa.

This design contact pressure is larger than the possible maximum intensity 1.1
MPa verified in Chapter 4. The design maximum stress due to this contact pres-—
sure can be calculated 77MPa, and has a sufficient margin of safety against the
allowable stress. Also, fatigue is not surmised to pose any problems since the

fatigue limit of the material is about 78.86MPa as ghown in Fig.7.

5.2 Test Results

Table 4. Allowable stress

of material

The static loading tests and the moving load- Designation Factor of safety %gi_
ing tests were carried out using a dump truck [Tersie strength 270
with a gross weight 200kN (20.4tf) as shown j%g%g%awm - &0
in Fig.8. The static loading tests were con- AC7 il 2
ducted for two cases of loading (Fig.9), us-— Yied strergth — 195
ing a front tire of the dump truck. The lar- Tension 1.6 105
gest generated stress in the expansion joint Allosable|Compression | 1.85 105
was 18.0MPa, lower than 25% of the design max- Stpess Bending 1.85 105
imum stress 77MPa (Table 5). Also, the stress -
was lower than 50% of design stress 38.5MPa Shear 183445 &9
without impact.
The contact pressure of the tire inversely Stress
calculated from the generated stress 18.0MPa range(MPa)
was the value of 0.36MPa, which was smaller 130' |
than the contact pressure of 0.48MPa calculat- L
ed from the real weight and measured contact 110—
area. It can be assumed that a larger portion I
of the wheel weight was supported by the con- L
crete slab behind the joint due to the higher 7
stiffness.

o 10
In moving loading tests, the speed of vehicle Number ot cycles

was changed in 6 steps from a very slow to 60
km/h. The largest generated stress was 21.3
MPa, and the largest impact coefficient was
0.25 at the speed of 60km/h (Table 6). The co=

efficient was sma-
Totalweight of tront wheets: SO kN
ller than the test Tolalweight of rear wheels : 150 KN
§ g

result verified in
Fig.2 of Chapter 3.

LA B = | Contact area
Immediately after ;»7 "; = === \// \//\\//\\//\\/
the new bridge was (EE=7= —— z : \// M/A\J/\\//\\/
opened to traffie, =
the measurement by front wheeks rear wheet
a stress histogram Rl . a) CASE-A
analyzer was carr- = ’ F2

ied out for 24 hrs
under the actual
traffic load. The
largest generated
stress was 33.0MPa
(Fig.10). The str-
ess was 1.8 times
the largest stress

- |
: 4500 —
Fig.8 Lload vehicle

Fig.7 S-N Curve of aluminium

alloy (A-S7G06) [4]

« ; Measured point

F1-UC

UL
b) CASE-B
Fig.9 Loading condition
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Table 5. Static loading Table 6., Running vehicle loading
test results test results
Generated Stress(MPa) CASE-1 [oASE -DICASE- —alCASE-5ICASE-6

_ BUC|BI-URIF1-UC[B2-UC[B2-W. [F2UC| [vemgge o o Z 20"’0:%54 405 =

CASE-A | ¥M8 | 132 | B8O | — | — | — km/h; waeed

CAsE-B | — | — | — | 180 151 | 150 | | MRk, i | 007 | 016 | 016 {016 | 022 | 025
in the static loading tests and Frequency
1.6 times that in the moving load- 03 M

ing tests. From this result, the
presence of over loaded vehicles
was surmisable.

Q2|

6. CONCLUSIONS -
O.1—

From the results described above,
the following conclusions may be

drawn

1) ¥t is desiré.ible that as the oo €0 Gerleagtedsl.ta&s(b%? : 360
static wheel weight for the veri- .

fication of ultimate state, the Fig.1l0 Stress frequency measurement

largest load of 156.8kN (16tf)

composed of 1 to 4 tires is to be applied, based on the investigation records of
loads of large size vehicles, and that as the wheel weight for the verification
of fatigue limit state, the adequate load should be decided, based on the further
investigation of the actual condition of over loaded wvehicles.

(2) The impact coefficient acting on an expansion joint can be assumed to be
about 0,8 at the largest. However, considering the occurrences of abnormally over
loaded vehicles and level differences, it is desirable that the value of 1.0 is
to be used as the possible maximum coefficient of impact.

(3) It can be assumed that the possible maximum intensity of contact pressure is
the value of 1.1MPa at the tire load of 120kN (including the impact force), tak-
ing into consideration the fact that the tire blows out if the tire load exceeds
120kN.

(4) The expansion joint used for the tests, designed with the contact pressure of
1.6MPa in accordance with the specification and the manual in Japan, has enough
margines of safety compared to stresses generated in the loading tests, and the
design method can be assumed to be appropriate to secure the sufficient durabili-
ty both in the ultimate strength and in the fatigue strength.

In order to verify the durability of other expansion jeints with similar struc-
tures as the aforementioned joints, various tests are being performed on actual
bridges as well as in laboratories including fatigue tests.

REFERENCES

1. Specification for Highway Bridges, Japan Road Association (JRA), 1980.

2. Manual on Bridge Expansion Joint Systems, Japan Road Association (JRA), 1970.

3. Investigation Report of Design Loads in Hanshin Expressway, Hanshin Expressway
Public Corp., 1986.

4. RICHARD, M. and M. DROUZY, Metallurgical Factors and Endurance Limit of Alloys
of the Al-Si7 Mg Type, Fonderie - Fondeur d’Aujourd’hui 14, 1982.

5. Specification of Structure Design and Manufacture of Aluminium Alloy, Japan
Light Metals Association (JLMA), 1977.



	Durability of bridge expansion joints

